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E-mail address: kypreech@kmitl.ac.th (P.P. YupaThis paper presents the very fascinating simulation results of light pulse traveling within a
ring resonator system that have shown the unexpected results with various applications.
The design system consists of a nonlinear microring/nanoring resonator system incorporat-
ing an add/drop ﬁlter. The proposed fabricated material used is InGaAsP/InP, which can
provide the required output behaviors. Three different forms of input light pulses are
Gaussian pulse, dark and bright soliton, whereas the suitable simulation parameters are
input power, pulse width, ring radii and the material refractive indices. Three different
forms of the results have been interpreted, whereas the dominants behaviors are such as
Gaussian soliton, multisoliton and tunable dark soliton are described, and the potential
applications for new laser sources, new communication bands and dynamic optical
tweezers have been discussed.
 2010 Elsevier Inc. All rights reserved.1. Introduction
A Gaussian pulse has been recognized in the form of a laser pulse that can be used in both theoretical and experimental
investigation in many subjects. However, in some ways, the limit of laser power cause a problem, especially, when the high
output power or long distance link is required. Optical soliton becomes a powerful tool that can overcome such a problem,
i.e. for high power laser source. Furthermore, the non-dispersion of soliton in medium is the other advantage. Optical soli-
tons can naturally be divided into classes of dark and bright solitons, whereas a dark soliton exhibits an interesting and
remarkable behavior, when it is transmitted into an optical transmission system. It has the advantage of the signal detection
difﬁculty, when the ambiguity of signal detection becomes a problem for the un-wanted users. In principle, the soliton gen-
erations and their behaviors in media are well analyzed and described by Agarwal [1]. Many earlier theoretical and exper-
imental works on soliton applications can be found in the soliton application book by Hasegawa [2]. However, to make such
a tool more useful, the problems of soliton–soliton interactions [3], collision [4], rectiﬁcation [5], and dispersion manage-
ment [6–8] must be solved and addressed. Therefore, in this work, we are looking for a powerful laser source with broad
spectrum that can be used in many applications.
Recently, several research works have shown that use of dark and bright soliton in various applications can be realized
[9–14], where one of them has shown that the secured signals in the communication link can be retrieved by using a suitable
an add/drop ﬁlter that is connected into the transmission line. The other promising application of a dark soliton signal [15] is
for the large guard band of two different frequencies which can be achieved by using a dark soliton generation scheme and
trapping a dark soliton pulse within a nanoring resonator [1]. Furthermore, the dark soliton pulse shows a more stable. All rights reserved.
: +66 2 3264354.
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ulated Raman scattering [16]. It is found that the dark soliton pulses propagation in a lossy ﬁber, spreads in time at approx-
imately half the rate of bright solitons. The dark solitons trapped in add/drop system is realized [17]. In this paper, the use of
three forms of laser pulses, i.e. Gaussian soliton, dark and bright soliton propagating within the proposed ring resonator sys-
tems is investigated and described. The use of suitable simulation parameters based on the realistic device is discussed. The
potential application for new laser sources, new communication bands and dynamic optical tweezers is also discussed.2. Theory and principle
2.1. Gaussian pulse
Light from a monochromatic light source is launched into a ring resonator with constant light ﬁeld amplitude (E0) and
random phase modulation as shown in Fig. 1, which is the combination of terms in attenuation (a) and phase (u0) constants,
which results in temporal coherence degradation. Hence, the time dependent input light ﬁeld (Ein), without pumping term,
can be expressed as [18]Fig. 1.EinðtÞ ¼ E0eaLþj/0ðtÞ; ð1Þ
where L is a propagation distance(waveguide length).
We assume that the nonlinearity of the optical ring resonator is of the Kerr-type, i.e., the refractive index is given byn ¼ n0 þ n2I ¼ n0 þ n2Aeff
 
P; ð2Þwhere n0 and n2 are the linear and nonlinear refractive indexes, respectively. I and P are the optical intensity and optical
power, respectively. The effective mode core area of the device is given by Aeff. For the microring and nanoring resonators,
the effective mode core areas range from 0.10 to 0.50 lm2 [19,20].
When a Gaussian pulse is input and propagated within a ﬁber ring resonator, the resonant output is formed, thus, the
normalized output of the light ﬁeld is the ratio between the output and input ﬁelds (Eout and Ein) in each roundtrip, which
can be expressed as [21]EoutðtÞ
EinðtÞ


2
¼ ð1 cÞ 1 ð1 ð1 cÞx
2Þj
ð1 x; ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1 cp ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1 jp Þ2 þ 4x ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1 cp ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1 jp sin2ð/2Þ
" #
: ð3ÞEq. (3) indicates that a ring resonator in the particular case is very similar to a Fabry–Perot cavity, which has an input and
output mirror with a ﬁeld reﬂectivity, (1  j), and a fully reﬂecting mirror. k is the coupling coefﬁcient, and (x = exp (aL/2)
represents a roundtrip loss coefﬁcient, u0 = kLn0 and /NL ¼ kL n2Aeff
 
P are the linear and nonlinear phase shifts, k ¼ 2p=k is the
wave propagation number in a vacuum. Where L and a are a waveguide length and linear absorption coefﬁcient, respec-
tively. In this work, the iterative method is introduced to obtain the results as shown in Eq. (3), similarly, when the output
ﬁeld is connected and input into the other ring resonators.
The input optical ﬁeld as shown in Eq. (1), i.e. a Gaussian pulse, is input into a nonlinear microring resonator. By using the
appropriate parameters, the chaotic signal is obtained by using Eq. (3). To retrieve the signals from the chaotic noise, we pro-
pose to use the add/drop device with the appropriate parameters. This is given in details as followings. The optical outputs of
a ring resonator add/drop ﬁlter can be given by the Eqs. (4) and (5).Et
Ein


2
¼ ð1 j1Þ  2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 j1
p  ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1 j2p ea2L cosðknLÞ þ ð1 j2ÞeaL
1þ ð1 j1Þð1 j2ÞeaL  2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 j1
p  ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ1 j2p ea2L cosðknLÞ ; ð4Þ
andA schematic of a Gaussian soliton generation system, where Rs: ring radii, js: coupling coefﬁcients, Rd: an add/drop ring radius, Aeffs: effective areas.
Fig. 2.
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where Et and Ed represents the optical ﬁelds of the throughput and drop ports respectively. The transmitted output can be
controlled and obtained by choosing the suitable coupling ratio of the ring resonator, which is well derived and described by
reference [21]. Where b = kneff represents the propagation constant, neff is the effective refractive index of the waveguide, and
the circumference of the ring is L = 2pR, here R is the radius of the ring. The chaotic noise cancellation can be managed by
using the speciﬁc parameters of the add/drop device, which the required signals at the speciﬁc wavelength band can be ﬁl-
tered and retrieved. K1 and K2 are coupling coefﬁcient of add/drop ﬁlters, kn ¼ 2p=k is the wave propagation number for in a
vacuum, and the waveguide (ring resonator) loss is a = 0.5 dB mm1. The fractional coupler intensity loss is c = 0.1. In the
case of add/drop device, the nonlinear refractive index is neglected.
2.2. Soliton
Bright and dark soliton pulses are introduced into the multistage nanoring resonators as shown in Fig. 2, the input optical
ﬁeld (Ein) of the bright and dark soliton pulses input are given by an Eq. (6) and (7)[1], respectively:EinðtÞ ¼ A sech TT0
 	
exp
z
2LD
 
 ix0t
 	
; ð6ÞandEinðtÞ ¼ A tanh TT0
 	
exp
z
2LD
 
 ix0t
 	
; ð7Þwhere A and z are the optical ﬁeld amplitude and propagation distance, respectively. T is a soliton pulse propagation time in a
frame moving at the group velocity, T = t  b1z, where b1 and b2 are the coefﬁcients of the linear and second-order terms of
Taylor expansion of the propagation constant. LD ¼ T20=jb2j is the dispersion length of the soliton pulse. T0 in equation is a
soliton pulse propagation time at initial input (or soliton pulse width), where t is the soliton phase shift time, and the fre-
quency shift of the soliton isx0. This solution describes a pulse that keeps its temporal width invariance as it propagates, and
thus is called a temporal soliton. When a soliton peak intensity jb2=CT20j is given, then T0 is known. For the soliton pulse in the
microring device, a balance should be achieved between the dispersion length (LD) and the nonlinear length (LNL = 1/CuNL),
whereC = n2k0, is the length scale over which dispersive or nonlinear effects makes the beam become wider or narrower. For
a soliton pulse, there is a balance between dispersion and nonlinear lengths, hence LD = LNL. Similarly, the output soliton of
the system in Fig. 2 can be calculated by using Gaussian equations as given in the above case.
3. Results
3.1. Gaussian pulse
From Fig. 1, in principle, light pulse is sliced to be the discrete signal and ampliﬁed within the ﬁrst ring, where more signal
ampliﬁcation can be obtained by using the smaller ring device (second ring). Finally, the required signals can be obtained via
a drop port of the add/drop ﬁlter. In operation, an optical ﬁeld in the form of Gaussian pulse from a laser source at the spec-
iﬁed center wavelength is input into the system. From Fig. 3, the Gaussian pulse with center wavelength (k0) at 0.40 lm,
pulse width (full width at half maximum, FWHM) of 20 ns, peak power at 2 W is input into the system as shown in
Fig. 3(a). The large bandwidth signals can be seen within the ﬁrst microring device, and shown in Fig. 3(b). The suitable ringSchematic of a dark–bright soliton conversion system, where Rs is the ring radii, js is the coupling coefﬁcient, and j41 and j42 are the add/drop
g coefﬁcients.
Fig. 3. Result of the spatial pulses with center wavelength at 0.40 lm, where (a) the Gaussian pulse, (b) large bandwidth signals, (c) large ampliﬁed signals,
(d) ﬁltering and amplifying signals from the drop port.
Fig. 4. Result of the spatial pulses with center wavelength at 0.60 lm, where (a) large bandwidth signals, (b) ﬁltering and amplifying signals from the drop
port.
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ciate with the practical device [19,20], the selected parameters of the system are ﬁxed to n0 = 3.34 (InGaAsP/InP),
Aeff = 0.50 lm2 and 0.25 lm2 f or a microring and add/drop ring resonator, respectively, a = 0.5 dB mm1, c = 0.1. In this
investigation, the coupling coefﬁcient (kappa, j) of the microring resonator is ranged from 0.55 to 0.90. The nonlinear refrac-
tive index of the microring used is n2 = 2.2  1017 m2/W. In this case, the attenuation of light propagates within the system
(i.e. wave guided) used is 0.5 dB mm1. After light is input into the system, the Gaussian pulse is chopped (sliced) into a
smaller signal spreading over the spectrum due to the nonlinear effects [22], which is shown in Fig. 3(a). The large band-
width signal is generated within the ﬁrst ring device. In applications, the speciﬁc input or out wavelengths can be used
and generated. For instance, the different center wavelengths of the input pulse can be ranged from 0.40 to 1.5 lm as shown
in Figs. 3–8, where the suitable parameters are used and shown in the ﬁgures.3.2. Dark soliton
In operation, a dark soliton pulse with 50-ns pulse width with the maximum power of 0.65 W is input into the dark-
bright soliton conversion system as shown in Fig. 2. The suitable ring parameters are ring radii, where R1 = 10.0 lm,
R2 = 7.0 lm, and R3 = 5.0 lm. In order to make the system associate with the practical device [19,20] the selected parameters
of the system are ﬁxed to k0 = 1.50 lm, n0 = 3.34 (InGaAsP/InP). The effective core areas are Aeff = 0.50, 0.25, and 0.10 lm2 forFig. 5. Result of the spatial pulses with center wavelength at 0.70 lm, where (a) large bandwidth signals, (b) ﬁltering and amplifying signals from the drop
port.
Fig. 6. Result of the spatial pulses with center wavelength at 1.30 lm, where (a) large bandwidth signals, (b) ﬁltering and amplifying signals from the drop
port.
Fig. 7. Result of the spatial pulses with center wavelength at 1.40 lm, where (a) large bandwidth signals, (b) ﬁltering and amplifying signals from the drop
port.
Fig. 8. Results of the spatial pulses with center wavelength at 1.50 lm, where (a) large bandwidth signals, (b) ﬁltering and amplifying signals from the drop
port.
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a = 0.5 dB mm1 and c = 0.1, respectively, and the coupling coefﬁcients js of the MRR are ranged from 0.05 to 0.90. However,
more parameters are used as shown in Fig. 2. The nonlinear refractive index is n2 = 2.2  1013 m2/W. In this case, the wave-
guide loss used is 0.5 dB mm1. The input dark soliton pulse is chopped (sliced) into the smaller output signals of the ﬁltering
signals within the rings R2 and R3. We ﬁnd that the output signals from R3 are smaller than from R1, which is more difﬁcult to
detect when it is used in the link. In fact, the multistage ring system is proposed due to the different core effective areas of
the rings in the system, where the effective areas can be transferred from 0.50 to 0.10 lm2 with some losses. The soliton
signals in R3 is entered in the add/drop ﬁlter, where the dark-bright soliton conversion can be performed by using Eqs.
(6) and (7). Results obtained when a dark soliton pulse is input into a MRR and NRR system as shown in Fig. 9. The add/drop
ﬁlter is formed by two couplers and a ring radius (Rd) of 10 lm, the coupling constants (j41 and j42) are the same values
(0.50). When the add/drop ﬁlter is connected to the third ring (R3), the dark-bright soliton conversion can be seen. The bright
and dark solitons are detected by the through (throughput) and drop ports as shown in Fig. 9(d) and (e), respectively.
3.3. Bright soliton
The large bandwidth signal within the micro ring device can be generated by using a common soliton pulse input into the
nonlinear micro ring resonator. This means that the broad spectrum of light can be generated after the soliton pulse is input
into the ring resonator system. The schematic diagram of the proposed system is as shown in Fig. 12. A soliton pulse with
Fig. 9. Results of the soliton signals within the ring resonator system, where (a) in ring R1, (b) in ring R2, (c)–(d) in ring R3, and (d)–(e) dark, bright solitons
conversion at the add/drop ﬁlter. The input dark soliton power is 2 W.
Fig. 10. Shows the dynamic dark soliton (optical tweezers) within the add/drop ﬁlter, when the bright soliton is input into the add port with the center
wavelength k0 = 1.5 lm: (a) add/drop signals, (b) dark-bright soliton collision, (c) optical tweezers at throughput port, and (d) optical tweezers at drop port.
P.P. Yupapin, B. Vanishkorn / Applied Mathematical Modelling 35 (2011) 1729–1738 173550 ns pulse width, peak power at 2 W is input into the system. The suitable ring parameters are used, for instance, ring radii
R1 = 15.0 lm, R2 = 10.0 lm, R3 = Rs = 5.0 lm and R5 = Rd = 20.0 lm. In order to make the system associate with the practical
device [19,20], the selected parameters of the system are ﬁxed to k0 = 1.55 lm, n0 = 3.34 (InGaAsP/InP), Aeff = 0.50, 0.25 lm2
and 0.10 lm2 for a micro ring and nanoring resonator, respectively, a = 0.5 dB mm1, c = 0.1. The coupling coefﬁcient (kappa,
j) of the micro ring resonator ranged from 0.1 to 0.95. The nonlinear refractive index is n2 = 2.2  1013 m2/W. In this case,
the wave guided loss used is 0.5 dB mm1. The input soliton pulse is chopped (sliced) into the smaller signals spreading over
1736 P.P. Yupapin, B. Vanishkorn / Applied Mathematical Modelling 35 (2011) 1729–1738the spectrum (i.e. broad wavelength) as shown in Fig. 13(b) and (g), which is shown that the large bandwidth signal is gen-
erated within the ﬁrst ring device. The biggest output ampliﬁcation is obtained within the nano-waveguides (rings R3 and R4)
as shown in Figs. 13(d) and (e), whereas the maximum power of 10 W is obtained at the center wavelength of 1.5 lm. The
coupling coefﬁcients are given as shown in the ﬁgures. The coupling loss is included due to the different core effective areas
between micro and nanoring devices, which is given by 0.1 dB.4. Applications
The application of this proposed work can be categorized into three cases, ﬁrstly, we have shown that the multi-wave-
length bands can be generated by using a Gaussian pulse propagating within the microring resonator system, which is avail-
able for the extended DWDMwith the wavelength center at 400–1400 nm, which can be used in the existed public network.
Results obtained have shown that the spatial pulses width of 30 nm and the spectrum range of 400 nm can be generated and
achieved. Moreover, the problem of signal collision can be solved by using the suitable FSR design [21], while the dispersionFig. 11. The dynamic dark soliton (optical tweezers) occurs within add/drop tunable ﬁlter, when the bright soliton is input into the add port with the center
wavelength k0 = 1.5 lm: (a) add/drop signals, (b) dark-bright soliton collision, (c) optical tweezers at throughput port, and (d) optical tweezers at drop port.
Fig. 12. A broadband generation system: (a) a broadband source generation and a storage unit, (b) a soliton band selector, where Rs, ring radii, js, coupling
coefﬁcients, j41, j42, coupling losses, j61 and j61 are the add/drop coupling coefﬁcients.
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which can provide the power budget for long distance link. We ﬁnd that the maximum power of 400 W can be obtained,
however, the coupling coefﬁcient of the add/drop ﬁlter is the major parameter of the required coupling output power, for
instance, the output power of 12 W is obtained as shown in Fig. 6(b), where the parameters are Rd = 5.0 lm, j3 = j4 = 0.9.
This means that the use of wavelength 0.4–1.40 lm (Gaussian pulse) for DWDM via optical communication is plausible,
which can be used with the existed public network installation.
Secondly, the dynamic dark soliton control can be conﬁgured to be an optical dynamic tool known as an optical tweezers,
where more details of optical tweezers can be found in references [23,24]. The optical tweezers behavior is occurred when
the bright soliton input is added into the system via add port as shown in Fig. 2, where the parameters of system are used the
same as the previous case. The bright soliton is generated with the central wavelength k0 = 1.5 lm, when the bright soliton
propagating into the add/drop system, the dark-bright soliton collision in add/drop system is seen as shown in Figs. 10(a)
and (b). The optical tweezers probe can be trapped/conﬁned atom/light within the well of the probe. The dark soliton valley
dept, i.e. potential well is changed when it is modulated by the trapping energy (dark-bright solitons interaction) as shown in
Fig. 11. The recovery photon can be obtained by using the dark-bright soliton conversion, which is well analyzed by Sarapat
et al. [14], where the trapped photon or molecule can be released or separated from the dark soliton pulse, in practice, in this
case the bright soliton is become alive and seen.
Finally, we have shown that a large bandwidth of the optical signals with the speciﬁc wavelength can be generated within
the micro ring resonator system as shown in Fig. 12. The ampliﬁed signals with broad spectrum can be generated, stored and
regenerated within the nano-waveguide. The maximum stored power of 10 W is obtained as shown in Fig. 13(d) and (e),Fig. 13. A soliton band with m, where (a) input soliton, (b) ring R1 (c) ring R2, (d) ring R3, (e) storage ring (Rs), (f) ring R5, (g) drop port output signals. The
output of different soliton bands (center wavelength) are as shown, where (h) 0.51 lm, (i) 0.98 lm (j) 1.99 lm and (k) 2.48 lm.
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Fig. 13(h)–(k), which is a broad spectra of light cover the large bandwidth as shown in Fig. 13(g). However, to make the sys-
tem being realistic, the waveguide and connection losses are required to address in the practical device, which may be af-
fected the signal ampliﬁcation. The storage light pulse within a storage ring (Rs or R4) is achieved, which has also been
reported by Ref. [11]. In applications, the increasing in communication channel and network capacity can be formed by using
the different soliton bands (center wavelength) as shown in Fig. 13, where (h) 0.51 lm, (i) 0.98 lm, (j) 1.48 lm and (k)
2.46 lm are the generated center wavelengths of the soliton bands. The selected wavelength center can be performed by
using the designed add/drop ﬁlter, where the required spectral width (full width at half maximum, FWHM) and free spec-
trum range (FSR) are obtained, the channel spacing and bandwidth are represented by FSR and FWHM, respectively, for in-
stance, the FSR and FWHM of 2.3 nm and 100 pm are obtained as shown in Fig. 13(i).
5. Conclusion
We have demonstrated that some interesting results can be obtained when the laser pulse is propagated within the non-
linear optical ring resonator, especially, in microring and nanoring resonators, which can be used to perform many applica-
tions. For instance, the broad spectrum of a monochromatic source with the reasonable power can be generated and
achieved by using a Gaussian pulse, where a dark soliton can be converted to be a bright soliton by using the ring resonator
system incorporating the add/drop multiplexer, which can be conﬁgured as a dynamic optical tweezers. Moreover, the use of
a bright soliton can provide the non-dispersion soliton, where the generation of soliton communication bandwidth with the
center wavelength at 1.30 lm is achieved.
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